Introduction
Ingestion of home-produced foods can be an important pathway of exposure among individuals residing in areas where local contamination exists (US EPA, 1997 EPA, , 2009 ). Home-produced fruits and vegetables may be contaminated if pollutants in the air, soil, or water are deposited on, adsorbed onto, or absorbed by plants, and home-produced meat and dairy products may be affected if animals consume contaminated soil, water, or feed crops (US EPA, 1997 EPA, , 2009 ). Potentially exposed populations include those who consume affected home-produced foods, including gardeners and farmers. According to a 2008 survey conducted by the National Gardening Association (NGA, 2009) , an estimated 36 million US households participated in food gardening, which was defined as growing vegetables, herbs, fruits, and/or berries. This represents B31% of US households. A total of 23% of US households grew vegetables, 12% grew herbs, 10% grew fruit trees, and 6% grew berries (presumably, some households grew more than one type of food) (NGA, 2009 ). The vegetables grown by the largest percentage of gardeners included tomatoes, cucumbers, peppers, beans, carrots, summer squash, onions, lettuce, peas, and corn (NGA, 2009) .
Estimating exposure to chemicals in home-produced foods requires information on the quantity of home-produced foods consumed. EPA's Exposure Factors Handbook provides data on consumption of home-produced foods (US EPA, 1997 EPA, , 2009 ) based on the US Department of Agriculture's (USDA's) 1987 -1988 . The data are based on households that consumed home-produced foods during a 1-week survey period. ''Consumer-only'' intake rate distributions are provided for various age and demographic categories of the consuming population. The survey also identified households who engaged in home gardening, farming, and raising animals (i.e., livestock). These populations may be particularly of interest because they may be at the high end of the home-produced food intake distribution. Intake rates for the populations who engage in home gardening, farming, and raising animals are provided in the US EPA's Exposure Factors Handbook for consumers only for all ages combined. These consumer-only intake rates represent only those individuals who reported eating the food item during the survey period. The methods used for developing these ''consumer-only'' estimates are described in detail in US EPA (1997, 2009 ) and Moya and Phillips (2001) . Although more recent food consumption data are available (i.e., Continuing Survey of Food Intake Among Individuals (CSFII) 1994 (CSFII) -1996 (CSFII) , 1998 , and National Health and Nutrition Examination Survey (NHANES) [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] , these surveys do not contain the information necessary to estimate intake of home-produced foods. For example, while the newer surveys obtain information about the source of individual foods eaten over a 2-day period, data are not collected on the frequency of eating home-produced foods or on the fraction of the survey population that may eat home-produced food at some time during the year (e.g., gardeners or farmers). These data would be necessary for estimating long-term or per capita intake of home-produced foods. Therefore, the 1987-1988 NFCS data analysis in the Exposure Factors Handbook was the best publically available data set for estimating per capita home-produced food intake among the US population.
The average daily intake rates (g/kg-day) for homeproduced foods that are provided in the Exposure Factors Handbook (US EPA, 1997 EPA, , 2009 ) are based on short-term dietary survey data for consumers only. These ''consumeronly'' rates may be appropriate for estimating exposure among this population over the short-term, but may overestimate exposures over longer time periods, particularly at the high end of the distribution, because they do not account for the days on which these individuals did not eat home-produced foods (i.e., data for only those individuals who ate home-produced foods during the 1-week survey period were included in the analysis). As an example, the Exposure Factors Handbook reports a 95th percentile consumer-only intake of home-produced fruits of 60.6 g/kg-day for children 1 to 2 years old (US EPA, 2009). Converting from grams to ounces (i.e., 1 ounce ¼ 28 g), this is equivalent to about 2.2 ounces/kg-day. Assuming an average body weight for this age group of 11.4 kg, this value is equivalent to eating B25 ounces of fruit/day or 1.5 lbs of fruit/day, which is unreasonably high as a long-term daily intake rate for this age group. In contrast, ''per capita'' estimates would account for both individuals who reported eating the food during the survey period as well as those that did not eat the food during the survey period. ''Per capita'' intake rates may, therefore, be useful for estimating exposure to food contaminants over longer time frames, if it can be assumed that the non-eaters in the survey population may eat the foods at some other time during the year.
''Per capita'' intake rates may be estimated from ''consumer-only'' intake rates, using information on the percent of the survey population that consumed the foods over the survey period (Moya and Phillips, 2002) . For homeproduced foods, the survey populations that reported that they engaged in gardening, farming, or raising animals for livestock may reflect the populations that would be likely to eat home-produced foods at some time, even if they ate no home-produced foods during the survey period. However, ''per capita'' rates based on the entire survey population (i.e., not just those who garden, farm, or raise animals) may not be appropriate for estimating long-term intake because the population that eats home-produced food would be ''diluted'' by those individuals who never eat home-produced foods. The Exposure Factors Handbook (US EPA, 1997 EPA, , 2009 ) provides distributions of home-produced fruit and vegetable intake for the total populations that answered ''yes'' to questions about whether they garden or farm, and distributions of meat and dairy products for the total populations that answered ''yes'' to questions about whether they raise animals for livestock or farm. However, per capita age-specific distributions of intake are not provided for these populations. Also, the data on home-produced food intake in the Exposure Factors Handbook are based on foods as they are brought into the household, and do not account for preparation losses from paring, de-boning, draining, husking, trimming, cooking, or other preparation or post-cooking losses. This paper uses data on the percent of gardening and farming families that consumed home-produced food; agespecific food intake ratios from a more recent analysis of total fruit, vegetable, meat, and dairy intake; and data on food preparation losses to estimate age-specific ''per capita'' intake rates for home-produced foods. The method used here provides one possible approach for estimating per capita intake of home-produced foods, using existing information provided in EPA's Exposure Factors Handbook (US EPA, 2009). Other possible approaches include reanalysis of the raw data, or use of other age-specific ratios than those used here.
Materials and methods
The food groups for which per capita estimates were developed included total home-produced fruits, vegetables, meats, and dairy products. For home-produced fruits and vegetables, the distributions for the populations that garden and farm were used. For meats and dairy products, the distributions for the populations that raise animals for livestock and farm were used. These individuals were assumed to represent the population that consumes homeproduced foods. Distributions of ''consumer-only'' intake rates for these foods for the populations that garden, farm, and raise animals were taken from EPA's Exposure Factors Handbook (US EPA, 1997 EPA, , 2009 ). The distributions of ''consumer-only'' intake for gardening and farming families are provided in Table 1 for fruits and Table 2 for vegetables. The distributions of ''consumer-only'' intake for livestockraising and farming populations are provided in Table 3 for  meats and Table 4 for dairy products. These data are based on USDA's 1987-1988 NFCS, and represent responses from a total sample of B4300 US households (over 10,000 individuals). The majority of households indicated no intake of home-produced foods; thus, the ''consumer-only'' data for populations that produce their own foods are based on a much smaller sample size (fruits: gardeners ¼ 709, farmers ¼ 112; vegetables: gardeners ¼ 1643, farmers ¼ 262; meats: population that raises animals ¼ 343, farmers ¼ 243; dairy: population that raises animals ¼ 80, farmers ¼ 63). The data are weighted by applying sample weights provided by USDA so that the ''sample total equals the known population total, in thousands, for several characteristics thought to be corre- Percentile of total population that gardens or farms ¼ 100 Â (p/100 Â N c +(N t -N c ))/N t ; where p ¼ percentile, N c ¼ weighted number of consuming individuals (garden: 30,217,000, farm: 4,319,000), and N t ¼ weighted total number of individuals who garden (68,152,000) or farm (7,329,000). Percentile of total population that raises animals or farms ¼ 100 Â (p/100 Â N c +(N t -N c ))/N t ; where p ¼ percentile, N c ¼ weighted number of consuming individuals (raise animals: 5,256,000, farm: 3,842,000), and N t ¼ weighted total number of individuals who raise animals (10,097,000) or farm (7,329,000). Percentile of total population that raises animals or farms ¼ 100 Â (p/100 Â N c +(N t -N c ))/N t ; where p ¼ percentile, N c ¼ weighted number of consuming individuals (raise animals: 1,228,000, farm: 1,020,000), and N t ¼ weighted total number of individuals who raise animals (10,097,000) or farm (7,329,000) (US EPA, 1997 EPA, , 2009 lated with eating behavior'' (USDA, 1987 -1988 , US EPA, 1997 . Tables 1-4 also present the percentiles of the total gardening, farming, or livestock-raising populations that ate home-produced foods. Percentiles of the total population were calculated using the weighted number of individuals consuming home-produced foods during the survey period (N c ), and the total weighted number of individuals who responded ''yes'' to questions about whether they engaged in gardening, farming, or raising animals (N t ), as follows:
Using these percentiles, the 95th percentile per capita intake rates were calculated using linear interpolation (Table 5) . Mean per capita intake rates were calculated as follows:
where N c ¼ weighted number of individuals consuming and N t ¼ total weighted number of individuals (see Tables 1-4) .
The unadjusted intake rates in Table 5 are based on quantities of foods brought into the home and do not account for food preparation or post-cooking losses. These ''consumer-only'' and ''per capita'' mean and 95th percentile fruit, vegetable, and meat intake rates were then adjusted to account for preparation losses and post-cooking losses, as follows:
Adjusted intake ¼Unadjusted intake rate Âð1 À % preparation loss=100Þ
Âð1 À % post À cooking loss=100Þ:
Preparation losses can include losses from paring, peeling, trimming, husking, draining, and cooking. Post-cooking losses can include losses from cutting excess fat, and removing bones, skin, and scraps (US EPA, 2009). Preparation and post-cooking losses were assumed to be 25% and 31%, respectively, for fruits; 12% and 22%, respectively, for vegetables; and 30% and 30%, respectively, for meats, based on US EPA (2009). No preparation or post-cooking losses were assumed for dairy. Table 5 presents both the unadjusted and adjusted mean and 95th percentile ''consumer-only'' and ''per capita'' intake rates. Adjusted rates represent intake of foods in their ''as-eaten'' form, whereas unadjusted rates represent food quantities as brought into the home. Exposure Table 5 . Consumer-only and per capita intake of home-produced foods (g/kg-day). Adjusted intake rates are corrected based on preparation and post-cooking losses, as follows: adjusted intake ¼ original intake rate Â (1-% preparation loss/ 100) Â (1-% post-cooking loss/100). Preparation and post-cooking losses are assumed to be 25% and 31% for fruits, 12% and 22% for vegetables, and 30% and 30% for meats, based on US EPA (2009). No preparation or post-cooking losses are assumed for dairy. c Consumer-only represents only those individuals who ate home-produced foods during the survey period. Per capita represents both individuals who ate home-produced foods during the survey period plus those who said they home grow, but did not eat homeproduced foods during the survey period (these individuals may eat home-produced foods at other times). e Mean per capita intake rate ¼ (consumer-only mean Â N c )/N t , where N c ¼ weighted number of individuals consuming and N t ¼ total number of individuals (see Tables 1-4 ). Based on all family members in households who home grow their foods. f 95th percentile per capita intake rates calculated from percentiles of total population using linear interpolation. Based on all family members in households who home grow their foods.
Estimation of age-specific per capita home-produced food intake Phillips and Moya assessors may wish to choose data that best match the residue data being used (e.g., adjusted intake rates may be more appropriate when chemical residues are estimated in prepared or ''as-eaten'' foods; unadjusted intake rates may be more appropriate when residues are estimated in unprepared foods).
Age-specific intake rates for home-produced fruits, vegetables, meats, and dairy products are not available in the Exposure Factors Handbook for the population that produces their own food (i.e., gardeners, farmers, animal raisers; only total population intake rates are available). For the purpose of estimating intake for specific age groups of this population, it was assumed that the ratios of age-specific intake to total population intake of total fruits, total vegetables, total meats, and total dairy products would be the same as the ratios for home-produced fruits, home-produced vegetables, home-produced meats, and home-produced dairy products. Total fruits, vegetables, meats, and dairy products included foods from all sources (e.g., homeproduced, store bought, gift, etc.). The data used for total fruits, total vegetables, total meats, and total dairy products were the recommended mean per capita intake rates from EPA's External Review Draft Exposure Factors Handbook (US EPA, 2009). These data are based on EPA's analysis of the 1994-1996 and 1998 Continuing Survey of Food Intake by Individuals (CSFII), as described in detail US EPA (2009). The CSFII represents a series of surveys that used a complex multistage area probability sampling design to measure the kinds and amounts of foods eaten by Americans. The 1994 The -1996 The , 1998 CSFII collected dietary intake data for B20,000 individuals, based on 24-h dietary recall, on 2 non-consecutive days. Weighted intake data were used in this analysis to account for differences between the US population and the survey population in terms of geographic location, degree of urbanization, socioeconomic characteristics, and other factors. It should be noted that, while mean per capita intake rates were used here to develop age-specific intake ratios, an alternative would have been to use 95th percentile per capita values or consumer-only values. Use of these alternative data sets may result in somewhat different ratios, especially for the youngest age groups where intake rates are more variable.
The age groups selected for this analysis are those recommended in EPA's Guidance on Selecting Age Groups for Monitoring and Assessing Childhood Exposures to Environmental Contaminants (US EPA, 2005) and for adults 21 to o50 years and over 50 years of age. Children under 1 year of age were grouped into one category (i.e., finer age groups were not provided) to be consistent with the presentation of data for intake of total foods in US EPA (2009). Table 6 provides the age-specific intake rates for total fruits, total vegetables, total meats, and total dairy products and their ratios to total population intake. These ratios were calculated as follows:
Ratio ¼ Age À specific mean per capita total intake ðg=kg À dayÞ Total population mean per capita total intake ðg=kg À dayÞ Finally, ''per capita'' home-produced intake for the age groups birth to o1 year, 1 to o2 years, 2 to o3 years, 3 to o6 years, 6 to o11 years, 11 to o16 years, 16 to o21 years, 21 to o50 years, and over 50 years were estimated by applying the age-specific ratios in Table 6 to the mean and 95th percentile adjusted ''per capita'' home-produced intake rates in Table 5 , as follows:
Age-specific mean (or 95th percentile) per capita homeproduced intake rate ¼ age-specific ratio Â adjusted mean (or 95th percentile) per capita home-produced intake rate. Ratio of age-specific mean per capita intake to total population mean per capita intake.
Estimation of age-specific per capita home-produced food intake Phillips and Moya
Results Table 7 provides age-specific mean and 95th percentile ''per capita'' intake estimates for home-produced fruit, homeproduced vegetables, home-produced meats, and homeproduced dairy products among gardening, farming, and livestock-raising populations. These data have been adjusted to account for preparation and post-cooking losses, and represent foods ''as-eaten.'' The estimated age-specific mean ''per capita'' homeproduced fruit intake rates were similar for gardening and farming populations, after adjusting for preparation losses. For all ages combined, the mean ''per capita'' rates were 0.27 g/kg-day for the total gardening population and 0.35 g/kg-day for the total farming population. The estimated 95th percentile home-produced fruit intake rates for all age groups of the gardening population were lower than for the total farming population. For all ages combined, the rates were 1.2 and 2.4 g/kg-day, respectively. For homeproduced vegetables, both the mean and 95th percentile agespecific ''per capita'' intake rates were less for the gardening population than for the farming population. The estimated mean intake rate for all ages of the gardening population combined was 0.66 g/kg-day, compared with 1.3 g/kg-day for the farming population, after adjusting for preparation losses. The estimated 95th percentile values were 3.5 and 6.7 g/kg-day, respectively. Estimated age-specific ''per capita'' intake of homeproduced meat was similar among populations that raise animals and those that farm. Mean ''per capita'' homeproduced meat intake was estimated to be 0.71 g/kg-day for the total population (i.e., all ages combined) that raises animals and 0.73 g/kg-day for the total population that farms, after adjusting for preparation losses; 95th percentile values were 3.0 and 3.1 g/kg-day, respectively. For homeproduced dairy, both the estimated mean and 95th percentile age-specific ''per capita'' rates were slightly lower for the population that raises animals than the population that farms. Mean ''per capita'' intake rates were 1.9 g/kg-day for the total population that raises animals and 2.4 g/kg-day for the total farming population; 95th percentile values were 14 and 17 g/kg-day, respectively.
With the exception of the birth to 1 year age group, intake rates normalized by body weight tended to be consistently higher for the younger age groups and lower for the higher age groups. For example, mean ''per capita'' intake of homeproduced fruits among the gardening population was estimated to be 1.0 g/kg-day for ages birth to o3 years, 0.78 g/kg-day for ages 3 to o6 years, 0.40 g/kg-day for ages 6 to o11 years, 0.13 g/kg-day for ages 11 to o21 years, and 0.15 g/kg-day for ages 21 to o50 years. This pattern is a result, in part, of the practice of indexing intake to body weight, where children have a higher intake per unit body weight than adults. It should be noted that while intake rates were estimated for the youngest age group (i.e., birth to 1 year), the data for this group are less certain than for other age groups because of the wide range of intake patterns for children in this age group (e.g., children who are o3 months of age would have different intake patterns than children who are 9 to 12 months of age; younger children may be nourished primarily by human milk or formula and not by home-produced foods).
The results indicate that among gardeners and farmers, intake of home-produced fruit accounts for B20% of the Calculated as: adjusted per capita home-produced intake for total population (see Table 5 ) times age-specific ratio of mean per capita total intake to mean per capita total intake for total population (see Table 6 ); adjusted intake rates are corrected based on food preparation and post-cooking losses and represent 'as-eaten' intake; no adjustments made to dairy.
b
Estimates are uncertain for this age group because of the wide range of intake patterns for children under 1 year of age.
Estimation of age-specific per capita home-produced food intake Phillips and Moya mean ''per capita'' total fruit intake. Home-produced vegetables accounts for B20% of mean ''per capita'' total vegetable intake among gardeners, and B40% among farmers. Intake of home-produced meat and dairy account for between 30% and 35% of the mean ''per capita'' total meat and dairy intake for the populations that raise animals and farm. These values are similar to data in US EPA (1997) on the percentages of intake that was home-produced, based on the 1987-1988 NFCS. Note that these values are slightly different from those in US EPA (1997) because the intake of total fruits, total vegetables, total meat, and total dairy used in this analysis are from a more recent analysis of food intake than those used in US EPA (1997) . At the 95th percentiles, home-produced fruit, vegetable, meat, and dairy intake account for higher proportions of the total ''per capita'' fruit, vegetable, meat, and dairy intake.
Discussion
The population that consumes home-produced foods may be at risk of exposure to contaminants taken up by these foods as a result of contamination. This may include both adults and children. Intake rates for home-produced foods are needed to assess the risk among these populations. This paper provides age-specific per capita intake rate estimates for home-produced foods for adults and children. These estimates are based on data from the 1987-1988 NFCS. The advantages of using the NFCS data are that it is a large data set that is nationally representative. However, the data for populations that garden, farm, and raise animals are based on relatively low numbers of observations in this data set. The 1987 The -1988 NFCS data are most recent USDA data set by which estimates of per capita intake of home-produced foods can be made. However, the key uncertainty is that the data are 420 years old and may not reflect recent changes in food consumption patterns. Other limitations and uncertainties associated with the data set are described in detail in US EPA (1997, 2009) . Also, considering that food intake among children in the youngest age group (i.e., birth to 1 year) may be more variable than among other age groups and that younger children may eat commercial baby foods instead of those prepared from home-produced foods, there is some uncertainty associated with the use of these estimates for the youngest age groups.
An alternative approach to the method described in this paper for estimating per capita intake of home-produced foods would be to use data on the total intake of the foods of interest from a more recent USDA food survey, in combination with the fractions of home-produced intake, based on the 1987-1988 NFCS (as reported in US EPA, 1997 EPA, , 2009 . Table 8 presents the results of such an analysis, for the purpose of comparison with the intake estimates described in this paper. The alternative values in Table 8 represent mean per capita intake rates (g/kg-day) for total fruits, total vegetables, total meats, and total dairy from EPA's analysis of USDA's 1994 USDA's -1996 USDA's , 1998 CSFII multiplied by the fraction of that total food group represented by home-produced intake from the 1987-1988 NFCS. This assumes that the fraction of total intake that is derived from Mean home produced intake ¼ mean per capita intake rates (g/kg-day) for total fruits, total vegetables, total meats, and total dairy from EPA's analysis of USDA's 1994 USDA's -1996 USDA's , 1998 CSFII multiplied by the fraction of that total food group represented by home-produced intake from the 1987-1988 NFCS. Fractions of total food that is home-produced for populations that garden, farm, and raise animals are based on data from home-produced foods was the same in 1994-1996, 1998 as it was in 1987-1988 . Using the alternative approach presented in Table 8 , adjustments for preparation losses were not made because CSFII data are based on foods ''as-eaten'' and most preparation losses (e.g., removal of bones, trimming, paring, etc.) have been accounted for. Also, since per capita intake data are available for the age groups of interest, no conversions from consumer only to per capita are needed. However, using this approach, the fraction of food that is home-produced is applied to the intake data for the entire survey population, not just the population that home produces (e.g., home gardeners, farmers, or the population that raises animals). This would be expected to provide somewhat lower estimates because the intake rates would be ''diluted'' by people who do not home garden or farm and may never eat home-produced foods. Also, only mean values are calculated because it is uncertain whether individuals at the upper end of the distribution would have similar fractions of home-produced intake. As shown in Table 8 , the mean intake values based on the alternative approach are similar, but slightly lower than, those described in this paper (Table 7 ) (e.g., mean per capita intake of vegetables for adult gardeners 21 to o50 years of age is 0.50 g/kg-day using the alternative approach and 0.56 g/kg-day using the approach described in this paper). One way to check to see if the intake values derived using the approach described in this paper are reasonable is to convert them to ounces or pounds per day. For example, the per capita 95th percentile consumption of home-produced fruits is estimated to be 4.8 g/kg-day for children 1 to o2 years old from gardening households (Table 7) . Converting from grams to ounces (i.e., 1 ounce ¼ 28 g), this is equivalent to about 0.2 ounces/kg-day. Assuming an average body weight for this age group of 11.4 kg, this value is equivalent to eating B2 ounces of home-produced fruit/day or 1/8 lb of home-produced fruit/day. This value seems more reasonable for long-term consumption than the 1.5 lbs/day estimated earlier for consumers only.
Another method for checking the reasonableness of the estimates provided in Table 7 of this paper is to use more recent information on the average food yield from home gardens. According to the National Gardening Association (2009) (NGA, 2009), the average yield of fresh produce from a well-maintained food garden is 0.5 pounds/ft 2 (2.4 kg/m 2 ) and an average home food garden is B600 ft 2 (56 m   2 ). This results in an average total yield of about 300 pounds (136 kg) of fresh produce over the course of a growing season. Assuming that the ''as-eaten'' portion of these homeproduced foods is about 60% of the total yield (i.e., based on the average of total preparation losses for fruits of 52% [(1-0.25) Â (1-0.31) ¼ 0.52]; and vegetables of 69% [(1-0.12) Â (1-0.22) ¼ 0.69]), the amount of average yield, as-eaten, would be about 82 kg. Assuming that this is the total amount eaten by a family of four, per person intake would be about 20 kg/person. Averaging this over 365 days a year, gives an average daily intake rate of B56 g/person/day. Further, assuming an average body weight of 50 kg for the four household members (i.e., two 70 kg adults and two 30 kg children), intake would be estimated to be about 1.1 g/kg-day. This value is similar to the adjusted mean per capita intake rate of 0.93 g/kg-day for total fruits (0.27 g/kgday) plus total vegetables (0.66 g/kg-day) for the total gardening population, as shown in Table 7 . No data on production yields were located that would allow similar comparisons to be made for home-produced meats or dairy products.
Based on the similarities in the estimates obtained using these alternative approaches, the intake rates for homeproduced fruits and vegetables shown in Table 7 appear to represent reasonable estimates of per capita age-specific intake of home-produced foods among the populations that garden or farm.
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